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Routine use of transcranial Doppler ultrasound
scanning during carotid endarterectomy has enabled
the identification of signals with distinguishing fea-
tures that represent both air and particulate emboli.1
These signals are characterized by high back-scatter
energy of short duration in the Doppler ultrasound
spectrum. The nature of these embolic ultrasound
scanning signals has been validated in animal models.2-
4 The ability to detect the presence of such emboli has
been useful in guiding and modifying the conduct of
endarterectomy and has now been expanded to sur-
veillance of the postoperative period. Such monitoring
may guide the use of antiplatelet therapy5,6 at this time
and aid decision-making concerning reoperation.
Expansion of such monitoring to the preopera-
tive period or to ambulatory patients offers the abil-
ity to detect “embologenic” arterial lesions and to
quantify the degree of embolic activity. Embolic
activity has also been demonstrated in the venous
circulation in the presence of deep venous thrombo-
sis.7 Such monitoring has proved useful in the detec-
tion of clinically silent lesions8,9 and in the monitor-
ing of anticoagulant therapy.10
The technique has been demonstrated to detect
emboli during and after carotid and iliac angioplas-
ty.9,11 We report a case where ultrasound scan moni-
toring detected the presence of ongoing embolization
from a previously performed arteriotomy in the pos-
terior tibial artery, provided a guide to further surgi-
cal management, and identified the embolic material.
CASE REPORT
The patient was a 46-year-old man, who had undergone
surgery for a short-segment popliteal artery occlusion at
another institution. At the initial procedure, an attempt had
been made to perform angioplasty; but after failure to cross
the lesion with a wire, an in situ femoropopliteal vein bypass
graft had been performed. Subsequently, this had occluded
and had been converted to a more distal bypass graft with
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Use of intraoperative monitoring with transcranial Doppler scanning during carotid
endarterectomy has enabled identification of embolus signals in the ultrasound spec-
trum. Extension of this technique to preoperative screening has enabled identification of
actively embolizing lesions and correlation with neurologic deficits. We report embolus
signals in the peripheral circulation before operation, which aided diagnosis and decision
to operate. The patient had been transferred from another institution after multiple
revascularization procedures, including posterior tibial artery thrombectomy.
Angiography performed on arrival at our institution confirmed an open bypass graft,
although a small indentation was noted at the site of the previous posterior tibial artery
thrombectomy. Runoff was intact to the plantar arch where there was attenuation of
that vessel and occlusion of most digital branches. Duplex monitoring revealed no
embolic signals in the graft or in the posterior tibial artery proximal to the previous arte-
riotomy. Distal to this site, embolic signals were detected. At the time of operation, a
large platelet thrombus was identified at the site of the previous arteriotomy, and
platelet thrombus was obtained from the plantar artery. It is concluded that Doppler
ultrasound scanning enables detection of peripheral embolization and the identification
and location of lesions with such embolic activity. Diagnostic accuracy may be improved
when there is clinical suspicion of embolization, enabling better patient selection for sur-
gical procedures. This report provides the first clinicopathologic characterization of the
emboli detected.  (J Vasc Surg 2000;31:811-4.)
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an interposition reversed vein from the previous graft to the
posterior tibial artery. The patient was subsequently man-
aged on heparin and dextran therapy but, despite a patent
graft, had been noted to have progressive ischemia of the
foot. He had then undergone posterior tibial artery
thrombectomy without improvement and was transferred
to our institution for further management. Angiography
performed at our institution revealed complete occlusion of
the popliteal, peroneal, and anterior tibial arteries. The graft
and posterior tibial artery were patent in continuity to the
plantar artery; however, there was attenuation of that vessel
and obliteration of digital arteries. There was mild narrow-
ing at the site of arteriotomy. There was no evidence of
Buergers disease. On examination, the foot was cool.
Subsequent duplex examination revealed normal flow in
the arterial graft and in the proximal posterior tibial artery.
There was elevation of flow velocity in the region of the
previous posterior tibial arteriotomy that was thought to be
consistent with postoperative changes. Waveform contour
distal to the area of high velocity remained biphasic.
Scanning of the graft was then performed with a 3-
MHz probe (embolus detection is maximized by use of a
low-frequency transducer).12 Gain settings were decreased
to maximize display of high-amplitude signals associated
with emboli. Time sweep was expanded to more easily dis-
play the highly transient embolic signals.
No embolic signals were noted proximal to the previ-
ously performed arteriotomy site. Velocity waveforms dis-
tal to the arteriotomy site revealed multiple signals consis-
tent with emboli, based on previous criteria for embolic
signals in the cerebrovascular system (Fig 1).1,13
There had been no clinical improvement in the foot
since admission, despite ongoing heparin and dextran ther-
apy. Based on these findings, the patient was taken to the
operating room. On opening the arteriotomy (which was
longitudinal), partially occluding platelet thrombus was
noted at this site (Fig 2). Inflow to this level was normal.
Passage of a Fogarty catheter into the plantar artery result-
ed in the retrieval of a quantity of thrombus that was con-
sistent with aggregated platelet material (white thrombus).
Resistance to distal runoff (tested by injection of
heparinized saline solution) was high, suggesting that there
had been progressive occlusion of small vessels by ongoing
platelet embolization. Urokinase (250,000 units) was
infused into the distal plantar artery intraoperatively. Repeat
angiography of the vessels was performed and demonstrat-
ed a patent plantar arch with some filling of the dorsalis
pedis; however, digital branches remained unfilled. The
arteriotomy was closed with a vein patch. There was
improvement in foot color early in the postoperative period.
After the operation, the patient was maintained on heparin,
dextran, and aspirin therapy. Despite these measures, he
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Fig 1. Angiogram shows the site of the previous arteriotomy with mild narrowing. The upper set
of spectra from above the arteriotomy site demonstrate no embolic signatures. NOTE: Wall motion
artifact at initiation of systole. Lower set of spectra show embolic signatures (arrow). 
experienced the development of fever and an elevated white
count; below knee amputation was required. Pathologic
examination of the below knee specimen revealed intravas-
cular fibrin deposition with no significant arteriosclerosis or
narrowing of vessels. Deterioration was thought to be due
to retrograde thrombosis from the digital arteries into the
plantar arch as the result of inadequate runoff.
DISCUSSION
Up to now, diagnostic methods have proved of
limited use in the evaluation of the embolic poten-
tial of peripheral intra-arterial lesions. As in the
cerebrovascular circulation, presumption of
embolization is usually based on advanced deficits
in the target tissue (eg, stroke, “trash foot,” “blue
toe”). The true incidence of embolism appears to
be much higher.14,15 Ongoing embolization may be
particularly insidious with the gradual loss of paten-
cy of the small vessels not amenable to correction
with either bypass grafting, thrombectomy, or lytic
therapy. Delayed intervention may result in tissue
loss. 
Although air and particulate emboli are distin-
guishable to some extent if the air emboli are not
very small (≤30 µm) by the relative intensity of the
ultrasound scanning signals,1,3,16 distinguishing
between different types of particulate emboli by
their ultrasound scanning characteristics has not
been possible to the present time. Clinicopathologic
characterization will be helpful in elucidating this
very difficult problem.
Embolism monitoring is routinely used at our
institution to monitor carotid endarterectomy intra-
operatively and in the recovery room. A monitoring
period of 20 minutes is used. If a rate of more than
10 emboli per hour is observed,17 antiplatelet thera-
py is commenced. This has been shown to reduce
the incidence of embolic stroke.5 Guidelines for
embolism monitoring in the peripheral arterial cir-
culation are still being developed.
CONCLUSION
Doppler ultrasound scanning may enable the
early detection of ongoing embolization before the
onset of clinical symptoms, and the site of emboliza-
tion may be localized by obtaining normal signals
upstream of a lesion in the presence of embolic sig-
nals downstream from that site. The ability to local-
ize and to detect the embolic potential of lesions
offers a significant advantage over angiography,
where diagnosis of embolization is presumptive. The
method may be helpful in establishing localization of
lesions in the presence of “blue toe” syndrome and
in evaluating the embolic activity of aneurysms.
Peripheral arterial embolization may occur after
surgical procedures. Such emboli consist of platelet
aggregates. Doppler ultrasound scanning may be
used to detect the phenomenon and assess the effi-
cacy of medical management (antiplatelet and
antithrombotic therapy) and indicate a need for fur-
ther surgical intervention.
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